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Description 



This invention relates to a method of providing a supply of particulate material coated with a resin and 
ZSS ™ ttZVXSi sand and to help retain inoe. ptoppant, P*ed in 



10 



15 



^Ite'r. aTrhniques have been developed over many years for consolidating P^^e — 
rrocessw <«« ; . subterranean zone. These processes are useful in treating a 

Z. iinSSTpetent sands which migrate with hydrocele produced 
ZlT^lldated particulate material reduces or prevents such migration when it is placed 
SeT'thTp^ and the well bore penetrating the formation. The formation of toe 

^Le? De^eaSe particulate mass has been accomplished by coating formation sand adiacent the 
wTbo^XCab^m. and then causing the resin to harden. An aKernative technique has been 
wen wre wnn ai naru sand in a carrier liquid and then to pump the 

iSfns^by taj 07^00^1"^ containing loose or incompetent sands to deposit the 
^ Tht Tel on the deposited sand is then caused or permitted to harden whereby a 

perme 6 ™ 5 foSbetween the well bore and the ioose or incompetent sands in 



™T rSorislv developed methods have been used successfully in applications featunng resin coating 
' of ^c^ mZnTXcUnMog of component streams, but these methods have not been desirable 
of particulat e m * en * ^ P* ™ r „ id 8 coating of particulate material suspended in continuous streams of a 
^t^^LT^ ^J, that resin-coated particulate materia, be continuously 
!L S , .mMmmun formation by a gelled aqueous carrier liquid for a relatively long penod of time in 
6 T^Se^T^Z^^L HOUR in Place against the face of the formation or to deposit 
*f mSerialTfraSures formed in the formation. In such applications, if the flow rate of the earner liquid is 
the matenal ° ^ particulate material carried in the liquid can be deposited .n 

^.Sri^ 7ZS sq^pment or in the we., bore instead of in formation fractures or 

. °* e Th^h d ^ng^s for producing stream, of gelled aqueous carrier liquids containing resin 
coatea paiculaTe materials are tim^consuming and expensive and are attended by "ste of flow rate 
^oCor region For example. United States Patent No. 4.074.760 describes a method of forming a 
consoE ^pScuSe mass in a subterranean formation wherein sand, coated with a resin, is suspended 
in a ^el^aSueols carrier liquid. The carrier liquid is introduced into a subterranean zone whereby the 

3S res* c^Sed^s deposited and subsequently consolidated therein. The preparation of the suspension o 
TZZn ™d Lated sand involves the batch mixing of components, i.e. the gelled aqueous earner 
S r S n ^*X*«"£«* <rom •» **- * the batch mixing of the two for the 

^Ced^tes^emX^ SSTlTra method of preparing a suspension of a particulate 
United Steles Qelled carrie r liquid wherein the coating of the sand is 

W *£S£X£2i Hq^rding to this method, the gelted carrier 

M c£npM » firsi combined followed by the addition of the epoxy ream wrth mocing whereby the 
2?coats the sand. The batch mixing of the components requires a period of time. e.g^at least 
22 15 min^to iveS hours, to obtain satisfactory coating of the particulate materia, before the sherry 
kL n*ZZ*mi into a Dlacement zone. These prior art methods for forming suspensions of gelled 
46 Zeo* c^XdL rffcoated particulate materia, are not carried out on a substantia.^ instanta- 

n9 ° We^a£nowXSS a method of providing a supply of resin-coated particulate materia, suspended in 
an Ceous geS^d carrier liquid, which can be operated continuously rather than on a batch bas,s. over an 

«> amended neriod of time to provide a constant flow of product 

A^corSg to me present invention, there is provided a method of providing, throughout a penod I of ^me 
\ZZZ . «.nniw flow of resin-coated particulate materia, suspended in an aqueous earner liquid, which 
con^orisesTorming^^ an aqueous carrier liquid gelled with a polysaccha- 

ToTmoicul^weight at least 100.000. a particulate materia, a surface ^en,-^ 
.« nonSc surfactant and a resin composition which will subsequently harden, to cod the particulate 
IfSi tiHsin composition and to suspend it in the gelled aqueous earner liquid, the tresin 
coSitireomprising a hardenable polyepoxide resin, a hardening agent for the resin ^ « dduent tor 
Z TSn ^haraeSnsed in that the components are supplied as continuous flows throughout said penod 
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into said mixing vessel whereby said mixture is continuously formed throughout said period, the mixture as 
formed is continuously withdrawn from said vessel throughout said period to provide a continuous supply 
flow thereof at a rate equal to the sum of the flow rates of the components, and wherein the polysaccharide 
polymer has a molecular weight of no more than 4,000,000, the diluent for the resin comprises a diluent 

s reactive with the epoxy resin component and a diluent non-reactive with the epoxy resin component 
whereby the viscosity of the resin composition is in the range 100 to 800 centi poises (0.1 to 0.8 Pa s) and 
the amount of resin composition is from 1 to 20 weight parts per 100 weight parts of particulate material. 

By the present invention, a method of rapidly and continuously forming a consolidatable, resin-coated, 
particulate material in the presence of an aqueous gelled carrier liquid is provided to produce a gelled 

10 carrier liquid containing the coated particulate material suspended therein; the suspension can be continu- 
ously introduced into a subterranean zone over an extended period of time. 

In accordance with the method of the present invention, a continuous stream of particulate material, e.g. 
sand, is coated with a continuous stream of resin as the two streams mix, and the coated particulate 
material so formed is simultaneously suspended in a gelled aqueous carrier liquid. The resin has a 

75 sufficiently long curing or working time to enable continuous deposition of the suspension of gelled aqueous 
carrier liquid and coated particulate material in a desired location of a subterranean zone. Subsequent 
hardening of the resin in the zone produces the desired hard permeable mass of consolidated particulate 
material. 

The gelled aqueous carrier liquids utilized in this invention are formed by hydrating polysaccharide 

20 polymer gelling agents preferably in fresh water, brine or seawater. The polysaccharide polymer gelling 
agents have molecular weights in the range of from 100,000 to 4,000,000, preferably from about 600.000 to 
about 2,400,000, and are preferably cellulose or guar derivatives. The polymers include substituents such 
as hydroxy ethyl to give the necessary water hydration and gel characteristics to produce a clear aqueous 
gel having a viscosity of at least about 30 centipoises (.03 Pa s) as measured on Fann V.Q. meter at 300 

25 rpm. Preferred polymers include substituted carboxy and hydroxy alky I cellulose, such as hydroxyethy (cel- 
lulose and carboxymethylhydroxyethylcellulose, and substituted hydroxy alkyl guar, such as hydroxypropyl- 
guar. Most preferably, the gelling agent is hydroxypropylguar or carboxymethylhydroxypropyl guar having a 
molecular weight in the range of from 100,000 to 4,000,000, and having a propylene oxide substitution 
(D.S.) of about 0.1 to about 0.7 moles propylene oxide per mole of mannose and galactose in the guar. 

30 The gelled aqueous carrier liquid is preferably prepared by combining the polysaccharide polymer 
utilized with the aqueous liquid used in an amount in the range of from about 20 to about 120 pounds of 
polymer per 1,000 gallons (2.4 to 14.4 kg/m 3 ) of water, brine or seawater to form a gelled aqueous liquid 
having a viscosity in the range of from about 1 0 centipoises to about 400 centipoises (0.01 to 0.4 Pa s). 
Most preferably the gelled aqueous carrier liquid includes from about 30 to about 83 pounds of gelling 

35 agent per 1000 gallons (3.6 to 9.6 kg/m 3 ) of water, brine or seawater, and has a viscosity of from about 15 
to about 100 centipoises (.015 to 0.1 Pa s). 

The gelled aqueous carrier liquid preferably contains a gel breaker which serves to reduce the viscosity 
of the gel at a time substantially coincident with the completion of the placement of the coated particulate 
material at the desired location in a subterranean formation. That is, the gel breaker causes the gelled 

40 carrier liquid to revert to a low viscosity liquid which readily separates from the deposited particulate 
material and leaks-off into permeable strata surrounding the deposit location. 

As mentioned above, breaking the gelled carrier liquid allows it to separate from the particulate material 
and enter or filter into permeable strata adjacent the deposit location. While a variety of gel breakers which 
are well known in the prior art can be utilized, an enzyme-type breaker such as cellulase for a substituted 

45 cellulose gelling agent and a hemi-cellulase for a substituted galactomannan gelling agent are preferred. 

As is well known in the art, relatively small quantities of the enzyme breaker used are generally 
required, but as is well known in the art, the particular quantity depends upon the pH, temperature, and 
specific time period required between addition of the gel breaker and the breaking of the gel. As will be 
understood, the greater the quantity of gel breaker used, the shorter will be such time period. 

so The gelled aqueous carrier liquid containing the coated sand can be crosslinked to increase its viscosity 
if desired. 

A variety of surface active agents can be utilized to promote substantially instantaneous coating of 
particulate material with the resin in the presence of a gelled aqueous carrier liquid, but the preferred 
surface active agent is a mixture of one or more cationic surface active agents and one or more non- 
55 cationic surface active agents. As used herein, a non-cationic surface active agent includes a blend of 
anionic and non-ionic surface active agents. 

A surface active agent is the ingredient necessary to produce the substantially instantaneous coating of 
the particulate material with the epoxy resin in the presence of the gelled aqueous carrier liquid. A non- 
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product contains an .J*oxy^V £5 ^functionality to the resulting surfactant product 
^Te n ^n^rScLTie E^S^lS^ fatty acids produced by reacting ^ fatty acids 

riZSTS to^Sbon atoms with from 5 to 20 moles of ethylene oxide per mole of acid, most 
S Z 12 "5 ethylene oxide per mote of acid, to produce a mixture of vanous 

quantities of ethoxylated acids and ^reacted aodj. i8 

When the gelling agent used herein is \^^'^^^ t0 ^ the non^ationic agent 

5 ^^elnTSg^ JiSSiK SSl^U the blend is in the range 
described above *^^**JjJ Knight cationlc agent per 1 part by weight non-cationic agent 

i a : h ^ - ■« * -* 1 -« » wei9M 

"IZZL'SZ 2f u^hSs^actomannan gum. then one preferred surface active agent is 
When the gelling agent usea nerein s a a described above and the non-cationic agent 

, a blend comprised of amy. ***•<• «J«J ^^^o^ ^ m ^ blend is in the range 
"St? S^SS S?S ^ by weight £!£ agent per 1 p£t by weight non-cationic agent 
1° SLEEKS amyfateoho. to n^ationic agent in the blend is about 1 part by weight 

alcohol per 1 part by weight n ^^"^! 9 !^ cribed b|end8 „ a SO lubilizer and diluent for the 

' J2 t^Co^ — £1, a.coho, incude other simila, ateohols. 

JXZ r com^ parjcutete matena^ a r^eby ^amount of active 

, surface active -0>nip»»n ^ LmToC^ aqueous carrier liquid. Most preferably, when a 
of surface active agent P"J™^ * "JJ'J^ active agent is present in the mixture in an amount 
galactomannan gelling agent * "SJSSl aqueous carrier liquid; when a cellulose 

r ■ = - in 3,1 amount * ^ 2 ^ by 

. volume per 1000 parts y^^^^JS^ with the present invention, e.g. sand. 
Various types of particulate ^J*^*"*! '£ ^ ^ particle si2e of which being in the range 
sintered bauxite etc. ^^^J^!Z^^^Sl mm), with the preferred sizes being 10- 
of from 10 to70 mesh ^^^J^^T^res 2.0 - 0.81 mm. 0.81 - 0.42 mm or 0.42 - 

„ 0°25 me mm KJTSS ST-JS^d^E- the particle size and distribution of formation 

""V tZZZTZ^^^ * fJoS 1 with the gelled aqueous carrier liquid-surface 
A substantially continuous stream i « ' . b ^ c sand present in the mixture is 

active agent-resin composition inodure £^££1 T*Z pTgallon (240 to 2400 kg/m*) of gelled 
m CSSr 5? MoSeS SeTdte pTsent in »e mSLe in an amount in the range of from 

^ L !iSJ!TE o^eserce Mho above-described surface active agent and gelled aqueous earner 
particulate matenal . .the J^-JSE resin (epoxy resin), a solvent system, a hardener, and 
Hquid "J*"*^**^ «*Jle7rhe polyepoxide resin, the hardener and the 

so preferably a couphng agem ■J^JJ^JJ „, c^won substantially instantaneously coat the 
coupling components C^en p*«wrt) ^Z^aSLs carried liquid and the surface active agent 
Peculate materia, in ^^^^^^Z^dl ingredients in the range of from 1.00 
The resin composition, above d f^ B j"f^' w ™ * |ate material . „ is be|j ev ed that 

iWrting upon t» ^ "^°* "'TSSd preterm Mta » M P-ota* « 
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Company of Houston, Texas, under the trade name EPON 828. EPON 828 resin exhibits good temperature 
stability and chemical resistance and has a viscosity of about 15,000 centi poises (15 Pa s). 

In one preferred embodiment, the solvent system is comprised of a first, polar, organic diluent which, in 
all cases, is miscible with and reactive with the polyepoxide resin and substantially immiscible with water, 

5 and a second polar, organic, diluent which, in all cases, is miscible with but substantially non-reactive with 
the polyepoxide resin. The first and second diluents are present in the resin composition in amounts 
sufficient to adjust the viscosity of the resin composition to a level in the range of from about 100 
centipoises to about 800 centipoises (0.1 to 0.8 Pa s). 

The first polar organic diluent is present in the resin composition in the range of from 2 to 35, 

10 preferably from 1 5 to 30, and most preferably about 28 parts by weight per 1 00 parts by weight of the 
epoxy resin component. The second polar organic diluent is present in the resin composition in the range of 
from 4 to 20. preferably from 8 to 15 and most preferably about 10 parts by weight per 100 parts by weight 
of the epoxy resin component. 

In a more preferred system, the second polar organic diluent is also substantially immiscible with water. 

75 The preferred first polar organic diluent which is reactive with the epoxy resin component is selected 
from the group consisting of butyl glycidyl ether, cresol glycidyl ether, allyl glycidyl ether, phenyl glycidyl 
ether or any other glycidyl ether which is miscible with the epoxy resin. Of these, butyl glycidyl ether and 
ortho-cresol glycidyl ether are the most preferred. The reactive diluent reacts with the hardening agent and 
also functions to reduce the viscosity of the epoxy resin. 

20 The second polar organic diluent which is not reactive with the epoxy resin component is essential 
because it contributes to the lowering of the viscosity of the resin, and, in combination with the surface 
active agent, brings about the substantially instantaneous coating of the particulate material with the resin in 
the presence of the gelled aqueous carrier liquid. 

The preferred non-reactive diluent is of low molecular weight, is miscible with the epoxy resin, is 

25 substantially immiscible with water and is selected from the group consisting of compounds having the 
structural formula: 
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wherein: 

40 R is (C n H 2n +i) and n is an integer in the range of from about 1 to about 5; 

R1 is (C m H 2m +i) and m is 0 or an integer in the range of from 1 to about 4, or Ri is 



and y is an integer in the range of from 1 to about 4, and X is independently H or OH; and 
50 R2 is C a H2* and a is an integer in the range of from 2 to about 5. 

Of the various compounds falling within the group described above, ethyl acetate, butyl lactate, ethyl 
lactate, amyl acetate, ethylene glycol diacetate and propylene glycol diacetate are preferred. Of these, butyl 
lactate is the most preferred. Butyl lactate has a molecular weight of 130 and a water solubility of 1 gram 
per 1 ,000 grams of water. 

55 Methyl alcohol, which is partially soluble in the polyepoxide resin, and other low molecular weight 
alkanols also are useful second diluents. 

Other chemicals such as tetrahydrofurfuryl methacrylate and ethyl acetate can be either the first or the 
second polar organic diluent as each of these do satisfy the definitions of both types of diluents as set out 
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A variety of hardening agents can be used in this invention to cause the hardening of the nmu 
Exalte tfsuch hardening agents include amines, polyamines. amides and polyamides known to those 
!2 Z t£l ^ A oreferred hardening agent is methylene dianiline. either dissolved in a surtable solvent 
2 mixture of amines diluted wHh methyl alcoho.. A preferred 
hardening rgentTTse with a polyepoxide resin comprising a condensation product* ep.chlorohydnn and 
bStenol T is a liquid eutectic mixture of primary aromatic amines, methylene dianiline and 
meCltene diamine" dHuted with a water-soluble solvent. A particularly preferred such hardening agent 
TXS^SLum of amines diluted with about 22% by weight methyl alcohol, the eutectic mixtore 
^ntSnfl about 79% by weight methylene dianiline with the remaining amines being compnsed of primary 
Romaic aZs^d metapnenylene diamine. Such a liquid eutectic mixture is commercially avertable 
under the trade name TONOX 22 from the Uniroyal Chemical Co. of Naugatuck. Connecticut 

™7aSy of hardening agent useful herein is dependent to a great extent upon the chemical nature 
of thT hSSe7n is.lSrdingly. drtficult to specify in detai. the amount of harden^ to 
However in a broad sense, it is believed that the hardener is present in the range of from 2 to 150 parts by 
"3^100 ^ weight of epoxy resin. When the hardener is an aromatic amine, the we,ght range 
I Jom^od layout 50. One aromatic amine, methylene dianiline. is useful when ^present the range 
of from about 25 to about 38 parts by weight per 100 parts by weight of epoxy resin. When the hardener s 
an^haSc JSZ ^ex^mpTa dlmethylaminomethy. substituted phenol, the hardener weight range .s 
from 2 to 15 parts by weight per 100 parts by weight of epoxy resin. 

The mixtoreof ingredients also preferably includes a resin-to-particulate matenal coupling agent to 
nromote boS, of 2 Vesin to the particulate material such as a functional silane. Preferably, a N-beta- 
S^^l^Zro^L^s resin-to-sand coupling agent is included in an amount 'n 
S^SSnZ to 2 parte by weight per 100 parts by weight of epoxy resin. A commercially avertable 
Droduct is Union Carbide Silane A-1120 (Danbury. Connecticut). 

9 "She mixTre can also include retarders or accelerators as hardening rate controllers to lengthen or 
. T„ r worlina and cure times of the resin. When retarders are used, low molecular we.ght organic 
acidTste eS n£^Z££i£m of such retarders are alky, esters of low molecular weight alky, 
ac * ^co^Sg about 2 to 3 carbon atoms. Suitable accelerators include 2.4.6-tris dimetiiyl ammo methyl 
Syihexonate salt thereof, and weak organic acids such as fumarlc. erythorbic. ascorbic. 
Sic tnd malelc T£L ■ a retarder or accelerator is utilized, it is combined therewith in an amount up to 
0 to 10 oarts by weight per 100 parts by weight of epoxy resin. 

As mentioned abovejf it is desired to increase the viscosity of the gelted aqueous earner l.qu*-resin 
comwston coated particulate material slurry, a continuous stream of liquid crosslinker can be combined 
StiTe ^depending upon the type of gelling agent utilized. Examp.es of crosslinkers which can be 
rti"are *ose seized from the group consisting of titanium, aluminum, zirconium and borate sate. 
PreSreTcrossTinkers are titanium lactate, titanium triethanolamine. aluminum acetate and ^^umsate 
t^croTslinker used is in the form of a solvent containing solution which is combined wrth the 
slurtta r^uteTn the crosslinker being present in an amount equivalent to therange of from 

■ 0 05 to 5 0 flumes of an approximately 30% by weight solution of the crosslinker per 1000 volumes o 
gelfeo ^aqueous TSier liquid Also, depending upon the particular crosslinker used, a pH buffering agent 
rL» harnmhined with the aelled aqueous carrier liquid-coated particulate material slurry. 

^ uPoTloZa^te by weight of epoxy resin, the resin composition is preferably comprised of the 
aboHsc Z epicSorohyd'rin-b^phenol A epoxy resin (100 parte by weight,, a ^enm^e reactive 
5 diSeTcomprised of ortho-cresol glycidyl ether present in an amount in the range of from 20 parts by 
weS tifTparte by weight, a non-reactive diluent comprised of butyl lactate present .n an amount in the 
m frtlToarts bv weiaht to 12 parts by weight and a hardening agent compnsed of a water rn.sc.ble 
S£ TlSd ^liquSeiSmilre otTrJary a?omatic amines, methylene dianiline and -etephenylene 
niml orient in an amount in the range of from 25 parts by weight to 45 parte by weight. When the 

■ tZZSEL reagent used in I resin composition is butyl gfycidy. ether instead of ortho* reso. 
gSyTXr. it is present in an amount in the range of from 2 parte by weight to 20 parts by weight 

9 TheXe-described resin composition has a viscosity in the range of from 400 cent.po.ses to 150 
centi^ses7o7tro.15 Pa s). and has an approximate working time without retarders or accelerators 
nreST e a time period between mixing and when the viscosity of the composrt.on exceeds about 1500 
< rSses of aoo^Trs at normal ambient conditions (about 72 -F. 22 -C). The cure time for the resin 
5 c rpSS. te^time from when me viscosity reaches about 1500 centipoises (1.5 Pa s) to when the 
resin composition has fully hardened is about 80 hrs. at 72 • F (22 • C). 
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A specific preferred resin composition for use in accordance with the present invention is comprised of 
100 parts by weight of an epichlorohydrin and bisphenol A epoxy resin, butyl glycidyl ether present in an 
amount of about 1 1 parts by weight, butyl lactate present in an amount of about 8 parts by weight, a liquid 
eutectic mixture of primary aromatic amines, methylene dianiline and metaphenylene diamine diluted with 

s about 22% by weight methyl alcohol present in an amount of about 36 parts by weight, N-beta 
(aminoethyl)-gamma-aminopropyltrim6thoxysilane present in an amount of about 0.8 parts by weight, and 
the ethyl hexonate salt of dimethyl amino methyl phenol present in an amount of about 7 parts by weight. 
This resin composition has a viscosity of about 200 centipoises (0.2 Pa s), a working time of about 0.5 
hours and a cure time of about 8 hrs. at 80 * F (27 • C). When the accelerator (ethyl hexonate salt of 

to dimethyl amino methyl phenol) is not present in the composition, it has a working time of about 2.0 hrs. and 
a cure time of about 84 hrs. 

In order that the invention may be more fully understood, reference is made to the accompanying 
drawings, wherein: 

FIGURE 1 is a schematic illustration of one system of apparatus for performing a method of the present 
75 invention; and 

FIGURE 2 is a schematic illustration of laboratory apparatus used for simulating the performance of a 
method of the invention in the field. 

In carrying out the method of the present invention, and referring to Figure 1 , an aqueous gelled carrier 

liquid is first prepared in a container 10 by combining a polysaccharide polymer of the type described 
20 above with fresh water, brine or seawater. The water and polymer are carefully mixed with slow agitation 

whereby the polymer is hydrated. Alternatively, the gel may be made from a concentrated solution of 

gelling agent as is known to those skilled in the art. 

A substantially continuous stream of the aqueous gelled carrier liquid from the container 10 is 

conducted by way of a conduit 12 to a mixing tub 14. Simultaneously, a continuous stream of liquid surface 
25 active agent of the type described above is preferably conducted from a container 16 to the conduit 12 by 

way of a conduit 18 connected therebetween. 

A substantially continuous stream of particulate material, e.g., sand, is conducted to the mixing tub 14 

from a container 20 by a conveyor 22 connected therebetween. 

The liquid epoxy resin composition described above may be premixed in a container 24, and a 
30 substantially continuous stream thereof is continuously conducted therefrom to the mixing tub 14 by way of 

a conduit 26 connected therebetween. 

Simultaneously with all of the above-described streams of components, a substantially continuous 

stream of liquid gel breaker is preferably conducted from a container 28 to the conduit 12 by a conduit 30. 

The liquid gel breaker combines with the gelled aqueous carrier liquid and the surface active agent flowing 
35 through the conduit 12 and is conducted therewith to the mixing tub 14. 

As indicated in the drawing, the liquid gel breaker or a powdered solid gel breaker can optionally be 

introduced directly into the mixing tub 14. Occasionally the gel breaker is handled in a solid form, either as 

a powder or as an adsorbate on inert particles, such as sand, salt or sugar. These can be directly 

introduced into the mixing tub. If desired to provide this flexibility, the conduit 30 can contain a shut-off 
40 valve 32, and a conduit 34 having a shut-off valve 36 disposed therein can connect the conduit 30 upstream 

of the shut-off valve 32 to the mixing tub 14 whereby the liquid gel breaker can be introduced directly into 

the mixing tub. However, as will be understood by those skilled in the art, any container-conduit 

arrangement can be utilized which brings the component streams described into the mixing tub 14 or 

equivalent mixing apparatus simultaneously. 
45 The component streams are intimately mixed in the mixing tub 14 and remain therein for a residence 

time of approximately 10 seconds. During such time, the particulate material is coated with the resin 

composition and suspended in the gelled aqueous carrier liquid. 

The gelled aqueous carrier liquid-resin coated particulate material slurry formed in the mixing tub 14 is 

withdrawn therefrom by way of a conduit 38 which conducts a continuous stream of the slurry to one or 
50 more pumps 40. A conduit 42, connected to the discharge of the pumps 40, conducts the slurry to a 

conduit system disposed in a well bore and to a subterranean zone wherein the resin coated particulate 

material is to be deposited and consolidated into a hard permeable mass. If a crosslinker is utilized, it is 

added to the slurry downstream of the mixing tub 14, i.e., the crosslinker is conducted from a container 44 

to the conduit 38 by a conduit 46 connected therebetween. 
55 The resin coated particulate material can be utilized in the performance of gravel packing procedures or 

as a proppant material in fracturing treatments performed upon a subterranean formation. The resin coated 

particulate also can be utilized in the formation of controlled permeability synthetic formations within a zone 

of a subterranean formation. 
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A significant aspect of the methods of this invention is the ability to substantially instantaneous^ r co* 
the DaSulatemaTeriTwith the resin composition and continuously suspend the coated peculate material 
r.^SSSTSSm of gelled aqueous carrier liquid. This is accomplished by the particular res.n 
cUdSSTSS combination of component streams which promote the coating of the resin composAon on 
rS^rmTrial. The continuous stream of gelled aqueous carrier liquid-resin coated Peculate 

formed is generalty insensitive to variations in pH within "W^™™™ 
8 5 and variations in temperature within the range of from about 45 F to about 100 F (7 to 38 C). The 
cure^meTZ resin composition can be short. i.e. less than about 6 hrs.. and the ream comporton can 
aouire substantial strength rapidly. i.e. within a time period of about 12 hours or 'ess. 

Srw^n^eTstoodb^ose skilled in the art. it may be desirable to condition the formation adjacent 
the consolidation placement location by preflushing the formation. Also, after-flushes may be used to msure 
uSfo^acement. consolidation and maximum permeabilrty of the deposited particulate matenal as well as 

01 ttZSSESSl Z ST of »e present invention and facilflate a clear understanding 

"XTT^r^rj^le effectiveness of various resin compositions containing various 
reactive and non-reactive diluents to coat sand and to produce high-strength consolidations therefrom in the 
presence of water gelled with various gelling agents. 



20 Example 1 



25 



30 



Formulation: 


Tap water 


1 liter 


Potassium chloride 


20 grams 


Sodium diacetate 


1 .2 grams 


Hydroxypropyl guar 1 (HPG) 


4.8 grams 


Fumaric acid 


0.5 grams 



unit 



35 Procedure: 

The tap water, potassium chloride and sodium diacetate are mixed to produce a solution. The 
hydroxypropyl guar (HPG) is then added to the solution and stirred. Thereafter, the fumanc acid » aided 
The3ting mixture is then permitted to stand overnight in a covered container. The pH of the formed gel 
40 is in the range of about 6.8 to about 7.5. 
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Tests are conducted using samples of the HPQ gel formed above, together with other ingredients. 



Formulation: 



HPG gel 

Surfactant mixture 1 
Resin composition 2 



250.00 ml 



0.25 ml 



21.00 ml (1.148 gm/ml) 



Ottawa Sand 40/60 mesh (USS) 450.00 grams 



1 Surfactant Mixtures 
Amyl alcohol 



Cationic surface active agent 
(previously described) 



45 parts by weight 
of mixture 

10 parts by weight 

» • 

of mixture 



Non cationic surface active agent 45 parts by weight 



(previously described) 



of mixture 



2 Resin Composition! 

EPON 828 (Shell Chemical Company) 100 parts by weight 
• reaction product of 
epichlorohydrin and 
Bisphenol A 



Hardener Blend 



42 parts by weight 



eutectic mixture of primary 
aromatic amines, meta- 
phenylene diamine, methylene 
dianiline (about 78% by weight 
of hardener blend) 

methyl alcohol (about 22% by 
weight of hardener blend) 
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Silane Coupling Agent 0.66 parts by weight 

• u-beta-(aminoethyl)-ganma- 
aminopropyitr imethoxyei lane 
Diluent 1 Variable parte 

by weight 



10 



Diluent 2 Variable parts 

. non-reactive *Y wei * ht 

js diluent (varies) 



Procedure: 



20 



26 



Th« innmdients are mixed together to form slurries each of which is stirred for two minutes in a beaker 
and men consistometer cup and stirred for an additional 60 minutes. Each slurry 
refined ^ id pourJ into one or more tubes to permit consolidation of the sand. The 
conSon tZs Ire glass tubes coated with mold release agent and stoppered at one end The sand m 
Sr^ wS each ?ube is tamped down and allowed to cure for 20 hours at the temperature indicated 
fn Tabled Ccutg 5fe glassies are broken and the consoHdated sand samples are tested for 
compressive strength. The results of these tests are given in Table I below. 
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From Table I it can be seen that the consolidations having the highest compressive strength contain 
both a reactive and a non-reactive diluent in the resin composition and that when the resin composition 
contains a butyl gtycidyl ether reactive diluent and butyl lactate non-reactive diluent, an excellent consolida- 
tion is achieved. 
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Example 2 

Tests are conducted to determine the sand coating times of various resin compositions in the presence 

, °' ~ S^^^T^^Li and 40-60 mesh (aperture .42 to ,5 mm, Ottowa 
sand ^ e D eS^I in accordance with the procedure and in the quantities described in Example 1. The 
S ™ £Sns cesSx* in Tab.e .. betow are prepared and added to the gel surfactant ^ «mples 
resin compos uu. comoosition per sample. After adding the resin composition, each mixture is 

IZT^ZI^Z^Z^^e place determined by visua. observation. That is. the resin 
i J^rZ^L to coat when resin does not remain in the gel when stirring is stopped. Excess resin 

" ES^TEtt^ » . setties in the layer on top of the sand wfth the gelied water 

*°Z *!^ e 3 in 4 ^ 5 using ^ same resin composition, the stirring is stopped after 5, 10 and 60 second 
JXZ M %X SSnSaSy transferred £ consolidation Jbes. cured at 170-F (77-0) and tested 
, 5 for compressive strength. The results of these tests are given in Table II below. 
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TABLE II 



COATING TIMES OF VARIOUS RESIN COMPOSITIONS 

Amount 
in Resin 
Composition, 
Parts by 
Weight 



Test Resin Formulation 
No, Components 



Mixing 
Time 







Dutyi lactate 


4 


cresyl giyciayi 




ether 


15 


methyl alcohol 


6 


hardener 2 


20 


i i 
epoxy* » J 




butyl lactate 


4 


cresyl glycidyl 




ether 


15 


methyl alcohol 


6 


hardener* 


20 


epoxy resin 1 * J 


55 


butyl lactate 


4 


cresyl glycidyl 




ether 


15 


methyl alcohol 


6 


hardener 2 


20 


epoxy resin* *3 


55 


butyl lactate 


4 


cresyl glycidyl 




ether 


15 


methyl alcohol 


6 


hardener 2 


20 


epoxy resin*' 3 


55 


butyl lactate 


4 


cresyl glycidyl 




ether 


15 


methyl alcohol 


6 


hardener 2 


20 



55 



55 



about 5 sec. 



1 to 5 sec 



5 sec 



10 sec 



60 



Compressive 
Strength 



Not run 
sample 
coated 



Not run 
sample 
coated 



2206 psi 
(15.2 MPa> 



2950 psi 
(20.3 MPa) 



3100 psi 
(21.4 MPa) 



1 Shell Chemical Co., EPON 828 

2Liquid eutectic mixture of primary aromatic amines, methy 
lene dianiline (79% by weight) and meta-phenylene diamine. 

3 A11 tests had 0.5 parts by weight 
N-beta-(aminoethyl) -gamma -aminopropyltrimethoxysi lane 



Example 3 

A test is run to determine the compressive strength of a sand consolidation formed in accordance with 
the present invention at a temperature of 250 # F (121 *C). A gelled aqueous carrier liquid is prepared by 
adding 9.6 grams of hydroxyethylcellulose (D.S. of 2.5) to one liter of fresh water having 30 grams of 
potassium chloride dissolved therein. After hydration of the hydroxyethylcellulose, 4 ml of surfactant blend 
comprised of 50 parts by weight amy I alcohol, 37 parts by weight non cation tc surfactants and 13 parts by 
weight cationic surfactants is combined with the aqueous gel followed by 1800 grams of 40-60 mesh U.S. 
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10 



15 



20 



Sieve Series (aperture .42 to .25 mm) Ottowa sand and 84 ml of the resin composition described in Table III 

b8toW ' . i„ a heaker for 2 minutes and then transferred to a laboratory 

The resultmg isfcrry "JJ^ i mtnutes. After stirring, the slurry is poured into a 

cons,stometer cup and s*red for » M described in Examp.e 1 for 48 hours at 

SS?S?a XtSl * Ten gradually raised to 250'F (121 -Q and the sample is allowed to 
170 F (77 C). IM 'jyjJJJ 5 » ^ consolidation is cooled over a 4-hour penod to room 
cure for an agonal 48I mu»M» ^ testing. The sample is then gradually 

52? "^TSl "J af SeTpeSure compressing* testing is carried out The results of 
this test are given in Table III below. 

TABLE III 

COMPRESSIVE STRENGTH OP SAND CONSOLIDATION 



25 



30 



Resin Composition 
Components 



Amount, Parts 
by Weight 



epoxy 1 

butyl lactate 
butyl glycidyl ether 
Hardener 2 
coupling agent 3 
methyl alcohol 



60.0 
5.0 
6.0 
21.0 
0.5 
7.0 



Compressive Strength 
at 250°F (121°C) 

2510 psi 
(17.3 MPa) 



35 



40 



1 Shell Chemical Co. EPON 828 

2 Liquid eutectic mixture of primary aromatic amines, methy 
lene TianUene (about 79% by weight) and meta-phenylene 
diamine 

3 N -beta-(aminoethyl)-gamma-aminopropyltrimethoxysilane 



45 



50 



ss 



Example 4 

Tests are conducted to determine the effect of order of addition of components on the compressive 

nCr^ifquid 0 HESS utiHzing hydroxyethy.cellu.ose in accordance with the procedure set 
torth I" Ex^T^o 250-mi.Hliter samples of the aqueous gel. surfactant described r , Exampie 1 sand 
d^ribedT Example 1. the resin composition of Table III and an accelerator compnsed of 2.4,6-tns 
H^T^nTmeftyl phenol are added to the aqueous gel in various orders of introduction. The resultmg 
TZ ^Z^SLTo^m^e in a beaker and then transferred to a laboratory ^sistometer cup 
an^^ fTan additional 60 minutes. Each slurry is then poured into a consolidate* tube and atowed I to 
weZ«TZ*« at the temperature indicated in Table IV below. The compresswe strength of the 
resulting consolidations are determined. 
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The results of these tests are given in Table IV below. 



UB IV 



EFFECT OF ORDER OF ADDITION ON 
STRENGTH OF OONSOUDATI 



Order of Addition to Gel 



re 



Time, Tenpera- 
hr ture 



Strength, 
psi MPa 



Surfactant 



Surfactant 



Surfactant 



Surfactant 



Sand 



Resin 
( including 
DMP-301) 

Resin 
( including 
DMP-30) 

Resin 
( including 
DMP-30) 

Resin 
(including 
DMP-30) 



20 



20 



20 



48 



80 27 



100 38 



140 60 



140 60 



2840 19.6 



3160 21.8 



3940 27.1 



5660 39.0 



Surfactant 
and DMP-30 



Surfactant Resin 

(including 
DMP-30) 



20 



24 



60 27 
120 49 



1220 8.4 
5360 36.9 



1 DMP-30 is 2,4,6-tris dimethylamino methyl phenol, an accelerator. 



Example 5 

The laboratory system illustrated schematically in Figure 2 is used to simulate the equipment used in 
actual field operations and for carrying out the methods of this invention. The system is comprised of a 
gelled aqueous carrier liquid container 50 connected by tubing 52 to the suction connection of 1/3 
horsepower (249W), 3,425 rpm centrifugal feed pump 54. A shut-off valve 56 is disposed in the tubing 52. 

A liquid surfactant blend container 58 is connected to the suction connection of a concentric cam fluid 
metering pump 60 by tubing 62 having a shut-off valve 64 therein. The discharge connection of the pump 
60 is connected to the tubing 52 by tubing 66. The discharge connection of a 50 cm 3 syringe pump 68 for 
injecting liquid gel breaker is connected by tubing 70 to the tubing 52. 

The discharge connection of the feed pump 54 is connected by tubing 72 to a 450 cm 3 over-flow 
mixing tub 74 equipped with an electric stirrer 76. 

A liquid resin composition container 78 is connected to the inlet connection of a concentric cam fluid 
metering pump 80 by tubing 82 having a shut-off valve 84 disposed therein. The discharge of the pump 80 
is connected by tubing 86 to the tubing 72. 
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s 



10 



15 



20 



A sand container 88 is positioned above the mixing tub 74 having a sand outlet 90. A shut-off valve 92 
A sana contane o° ^ oositioned to introduce sand into the m.xing tub 74. 
» d.sposed .n me °* ™ B PT^ 64 and 84 are opened and the pumps 54. 60. 68 and 80 are 
When a test run s made J fte vaK ^ ™ carrieMiquid. resin composition, surfactant blend 

mixing tub 74. overflows the tub conducted by way of tubing 94 connected 

96 is connected by tubinfl ^ f^HZ^Z ZXZ wt» «- oonn««on c4 . p«e«,r. 

A liquid croseletor contain* """"J^*™* oT end a tubing 110 eonneda the dkcWgd 
pomp 1t» A eboW« <M M» «m a«p»ed In V«Sb»ed »t» » slur, Hems 

ssisssrs r^wsys issz, * -» — — » - • 

Gelled aqueous camu . ^ hvdroxvoropylguar in an amount of 40 pounds per 1.000 gallons 
comprised of a 2% ^Tf^^^^^oooa^ from the container 50 to the feed pump 
(4.8 kg/m*) of bnne. The gelled aqueous earner 3 3) , ^ wnereby 
«... rate of 1/2 aalton per minute to 1 gallon (i.a x iu to o.o * ■« ■ / k» 

n^r^S, « V^us ™ 55^- * t^VSZi into 
n ""e 'rre^C^rin^nl^, V£ » up »» on. pes 

a s « - • - "l-sis.'sss ir ^ est— „. ,. «. 

a, .rJTp^S^^™- 22 :?.nT^ » «' M p^tp 54 -b. «» =. t0 
cm* per minute. t^^amine with 50% by 

The cross inker uteed ^ot Ze than 2 hours before use. When used, the crosslink* is 

"""SS 2u^r.iquid-resin coated particulate materia, slurries are formed in the mixinj . tub 74 
, iZJT^Lviuav receiver 100 Portions of the slurries are poured into consohdation tubes and 
, £K2»tZ "ZZZL a. d^b- in Example t. Tba ,aa* « tbeee teas * and 
without cross-linker are given in Table V below. 



45 



50 



55 



18 



EP 0 313 243 B1 



> 

LU 
-J 
ffl 

2 



a. s 



1 



s 

a 

E 
S 

<3 



■ 3 1 
■° 8 3 



3«I 



<0 



to 

E 



73 
a> 



(5 &§ 

5g 



to w « 

w co 3 CT 

5 § ^ 



S 32 1 



•3 

a 



lit 5 



CO 

E 



W TJ = J 

o s © a 

* I 5 



s s s 



o o o 

N N N 



? 

CO 



CM 



o © «- 



i 
f 

CO 

£ 



CD 

* 

CD 
© 



17 



EP 0 313 243 B1 



Example 6 



^ ^ c . Mnta s i« reneated except that the amount of surfactant used, the amount of 



below. 



to 
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Example 7 



^ , ttw thA surfactant utilized is comprised of an aqueous 

The procedure of Example 6 is repeated ««IM ^ de8Cri ^, previously herein 
50% by weight amyl dcoho. soluton havjng ^T^g^S Iconic surface active agents 
dissolved therein in an amount of about 7 parts oy B b wei m m croS8 , inke r is titamum 



io below. 
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10 



Example 8 

, a ,c*s»**A exceot that the gelled aqueous carrier liquid is formed using 

The procedure of Example ^'^Tm^S^ <* brin * ** Qel ***** * "T 

50 pounds of hydroxyethylcellulose ^WDj^K * * t . $ w aqueous 50 parts by 

enzyme breaker solution (1 gram ""^^^ active agents described previously herein 

weight isopropyl alcohol solution having *e clonic surface ^ ^ c $urface active agents 

di solved therein in an ^^ f ^^^ SRE* by weight The results of these tests 
described previously dissolved therein in an amoum or «uu 

are given in Table VIII below. 
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... to ta ^ 0 referred embodiments of the invention hs been described 
compositions without departing from the scope of the appended claims. 



5 



Claims 
1. 



„ n§ tima a continuous supply flow of resin-coated particulate 

A method of providing, throughout a period of tm * JJJJ^J^J^ , mixture of components 

materia, suspended ^^^£LSST^ of mo.ecu.ar weight at .east 

, including an aqueous ^ e ' q "'^^Se aoent including a non-cationic surfactant, and a res.n 
100,000. a particulate matenal. a surface material wrth the resin composition 

compose <* m ^ a harde "T 

and to suspend it in the i ge led aqueous earner uq^ characterised in that: the 

po.yepox.de resin, a *^J^*£E££ 2 period into said mixing vessel whereby 
5 components are supplied as continuous flowr mrougn continuously 

said mixture is continuously ^f^^J^^'^^supp^ flow thereof at a rate 
withdrawn from said vessel throughout said P^^^^J^^aride polymer has a 
equal to the sum of the flow E?££tt^l?ZX^ a directive with 

a „„ ♦„ ri» m i wherein the non-cationic surfactant is selected from ethoxylated fatty 
2. A method according to claim 1. wherein me atoms wit h from 5 to 20 moles 

fatty acids. 

a A method according to claim 1 or 2, wherein a clonic surface active agent is aiso inciuded in the 
30 mixture. 

4. A method according to clam 1.2. or 3. wHerein the non-reactive diluent is selected from compounds 
having the structural formula: 

35 „ 0 0 

0 li 'I 

Rl _ C_0R or Ri- C-0R 2 0-C-Ri 
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wherein 



. a ™*od accoroiw » eu. I» or 4. «tar*< M raoc*. duwr Is sat~ttd Ira" butyl 9 lycUyl 

j 1 ,„ e wherein said oolvepoxide resin comprises the condensa- 

6. A method according to any of dam 1 to 5. f^ n ^ 3enina agent is a liquid eotectic mixture of 

solvent 

Marranaan 7ftnft wherein the supply produced by the method of any of 

7. A method of treating a subterranean zone. ^ r «^ e ^ y ^ subterranean formation; and 

permeable mass in said zone. 
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& A method according to claim 7, wherein said zone is a wellbore penetrating said subterranean formation 
or a fracture created or present in said subterranean formation. 

PatentansprUche 

6 

1. Bne Methode zur Berertstellung eines kontinuierlichen Versorgungsstroms von kunststoffbeschichtetem 
Partikelmaterial Uber eine Zeitdauer, wobei das Partikelmateria) in einer wSiflrigen TrSgerldsung suspen- 
diert ist die die Bildung einer Mischung von Komponenten umfaflt, einschlieBlich einer wSBrigen 
TrSgerflUssigkeit, die mit einem Polysaccharidpolymer mit einem Molekulargewicht von wenigstens 

10 100.000 geliert ist einem PartiketmateriaJ, einem oberflSchenaktiven Mittel einschlieBlich einem nicht- 
kationischen oberfl£chenaktiven Mittel, und einer Kunstharzverbindung, die anschlieBend erh&rtet, zur 
Beschichtung des Partikelmaterials mit der Kunstharzverbindung und zur Suspendierung derselben in 
der gelierten wMBrigen TrSgerflOssigkeit wobei die Kunstharzverbindung ein erhSrtbares Polyepoxid- 
harz, ein Hftrtungsmittel fUr den Kunstharz und ein VerdUnnungsmittel fUr den Kunstharz enMIt, 

75 charakterisiert dadurch, daB die Bestandteile als kontinuierliche Strdme Uber besagte Zeitdauer in 
besagtes MIschgefSB geliefert werden, wobei diese Mischung kontinulerlich Uber die genannte Zeitdau- 
er gebildet wird, die gebildete Mischung kontinuierlich Uber die genannte Zeit von dem besagten Geftfi 
abgezogen wird, um einen kontinuierlichen VersorgungsfluB hiervon mit einer Durchfluflmenge zu 
liefern, die gleich der Summe der Durchflufimengen der Bestandteile ist, und worin das Polysaccharid- 

20 polymer ein Molekulargewicht von nicht mehr als 4.000.000 aufweist, das VerdUnnungsmittel fUr den 
Kunstharz ein VerdUnnungsmittel aufweist, das reaktionsf&hig gegenUber der Epoxidharzkomponente 
ist, sowie ein VerdUnnungsmittel, das nicht reaktionsfdhig gegenUber der Epoxidharzkomponente ist, 
wobei die Viskosit&t der Kunstharzverbindung im Bereich von 0,1 bis 0,8 Pa s (100 bis 800 Centipoise) 
liegt, und die Menge der Kunstharzverbindung von 1 bis 20 Gewichtsteile je 100 Gewichtsteile des 

25 Partikelmaterials aufweist. 

2. Eine Methode nach Anspruch 1, wobei das nicht-kationische oberfl&chenaktive Mittel aus ethoxylierten 
fettigen SSuren gewMhlt wird, die durch Reagieren von fettigen SSuren, die von 12 bis 22 Kohlenstoff- 
atome enthalten, gegenUber 5 bis 20 mol Ethylenoxid je Mol fettiger SMure und Mischungen der 

30 genannten ethoxylierten fettigen SSuren mit unreagierten fettigen SMuren, ersteltt werden. 

3b Eine Methode nach Anspruch 1 Oder 2, bei der ein kationisches oberflSchenaktives Mittel ebenfalls in 
der Mischung enthalten ist. 

35 4. Eine Methode nach Anspruch 1, 2 oder 3, bei der das nicht-reaktionsf^hige VerdUnnungsmittel aus 
Verbindungen ausgewShlt wird, die folgende strukturelle Formel aufweisen: 

o 0 0 

II II II 

R, - C - OR Oder R, - C - OR 2 0 - C - R 1 

Hierbei ist R gleich (C n H 2n +i). und n ist eine ganze Zahl von 1 bis 5; Ri ist = (C m H 2m+1 ), und m ist 0 
45 oder eine ganze Zahl von 1 bis 4 oder Ri ist = CHX y CH 3 , wobei y eine ganze Zahl von 1 bis 8 und X 
= H oder OH ist; und 

Ra ist eine Alkylengruppe C a H 2 «, wobei a eine ganze Zahl von 2 bis 5 ist. 

5. Bne Methode nach Anspruch 1, 2, 3 oder 4, bei der das reaktionstihige VerdUnnungsmittel aus 
so Butylglyzidylether, Cresolglyzidylether, Allylglyzidylether und Phenylglyzidylether ausgewShlt wird. 

6- Bne Methode nach einem der AnsprUche 1 bis 5, bei der das genannte Pofyepoxidharz das 
Kondensationsprodukt von Epichlorhydrin und Bisphenol A enthMtt und der genannte HSrter eine 
flUssige eutektische Mischung von primMren aromatischen Aminen, Methylendianilin und Metaphenylen- 
55 diamin ist, die mit einem wasseridslichen LQsungsmittel verdUnnt wird. 

7. Ene Methode zur Behandlung einer unterirdischen Zone, bei der die nach einer der Methoden unter 
Anspruch 1 bis 6 hergestellte Versorgung wShrend der Bildung kontinuierlich in eine Zone einer 
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ai nn*hracht wird und bei der sich die genannte Kunstharzverbindung 
unterirdischen ^^^^^Z ^t Bildung einer harten durchlSssigen Masse .n der 
ertiartet, wobei das genannte Partkelmatenai zur 

genannten Zone veranlaBt wird. ^ besa $ e 

a Ein Verfahren nach Anspruch ?• 

unterirdische Schichtengruppe emdnngt Oder em Brucn. 
gruppe erzeugt wird bzw. vorhanden ist 
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x ^ Ar,nn&* un d6bit continu de matSriau particulate 
Une methods pour produire. pendant une de composants compre- 

suspendu dans un liquide P° rt ^* u ^ d'une masse moieculare 

narTun liquide porteur aqueux et un J"*™ comprenant un surfactant non 

d-au moins 100 000, un ™*«™.^Z'J? e £*■ L d'enduire le mater.au particulate du 
cationique. et un compel de res,ne qui "fc^^^ e , gelifie. le compose de rfsine 
compose de resine et de le 8US ^f r ^ 8 2JSabte un agent durcisseur pour la resine et d'un 
^tanrconstltue tfune resine polyepoxyde du ' c '^'^" ^ ^ produit8 SO us forme d'ecoule- 

diluant pour la resine. ^^^Z^TvoX^^^ de * 

ments continus pendant toute ladte durfle de ,U operan ^ ^ contjnue|lement de 

etant forme en continu ^^^^f^Z debit continu a une vitesse d'ecoulement 
ladite cuve pendant toute lad.te p6r.ode afln . fl <*™« |a masse m0 leculaire du polymere 

egale a la somme des vrtesses ^ J^^Tresine comprenant un diluent reactif au 

sSs =£T-.T^ - a parte8 en p * ds de ma * riau Partcu,aire ' 

■ ^ rtC ictA * selectionner le surfactant non cationique & 

2. Une methode conforme a la ^^^X?<^ aSfes T« contenant de 12 a 22 atomes 

sis : ff-tf^^ 15, d,acide 9ra3, et des me,anses 

gras ethoxyles avec des acides gras non reag.s. 

^ < et 2 aui consiste a inclure egalement un agent de surface 

3. Une mettiode conforme aux soll.ctat.ons 1 et 2, qui cons.* 

cationique dans le melange. 

Citations 1 2 et 3 qui consiste a selectionner le diluant non reactif a 
a Una mSthode conforme aux sollicitatoons l. * w * m« 
pSr de composes ayant la formula structurelle suwante. 



O 

40 II 



46 



R, _C OR OU 

O o 

II H 

R, _C —OI^O _C _R, 



R2 est un groupe alkylene c.Ma« ou a w» 

uvtMinn. 1 2 3 ou 4 qui consite & selectionner le diluant reactif I ipartir 

M * ^^ulyTe™ 



glycidyle. 
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Une m^thode conforms aux sollicitations de 1 h 5 quelle qu'elle soit et selon laqueile ladite r6sine de 
polySpoxyde comprend le condensat de l'6pichlorohydrine et du bisphdnol A, et ledrt agent durcisseur 
est un melange liquide eutectique d'amines aromatiques primaires, de dianiline de mdthyl&ne et de 
diamine de mdtaphSnyldne dilu6 dans un sotvant soluble dans I'eau. 

Une m6thode permettant de traiter une zone souterraine et consistant & introduire le produit obtenu par 
I'une des m^thodes des sollicitations 1 & 6 quelle qu'elle soit, de fagon continue et au fur et & mesure 
qu'il est formd, dans une zone de formation souterraine; et de laisser durcir ledit composd de rdsine, le 
matdriau particulaire formant ainsi une masse dure et permeable dans ladite zone. 

Une mdthode selon la sollicitatton 7, selon laqueile ladite zone est un puits foreur pdndtrant ladite 
formation souterraine ou une fracture crtee ou existant 66\k dans ladite formation souterraine. 
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